Objectives: To study the demographic and clinical features of infantile hemangioma in China; to learn in more detail the risk factors for developing this disease; and to identify clinical characteristics associated with complications, associated risks, and the need for systemic treatment.
I
NFANTILE HEMANGIOMAS ARE THE most common vascular tumors of childhood, characterized by an initial phase of rapid proliferation followed by an involutional phase. 1, 2 Although the pathogenesis of hemangiomas is not well understood, epidemiologic findings and advances in the knowledge of angiogenesis have provided some clues, such as the theory of placental origin, the specific marker GLUT1 (glucose transporter 1), and the activation of angiogenesis factor ang2 (angiopoietin-2). [3] [4] [5] [6] Most infantile hemangiomas are small and innocuous, but a considerable number cause functional deficits, lifethreatening conditions, or permanent sequelae. [7] [8] [9] Furthermore, hemangiomas may have associated structural anomalies, including PHACE syndrome, which represents a spectrum of associated anomalies (posterior fossa brain malformations, hemangiomas, arterial anomalies, coarctation of the aorta and cardiac defects, and eye abnormalities). [10] [11] [12] For these cases, closer monitoring and earlier intervention to prevent permanent disfigurement are required. It is well recognized that lesion size, location, and particularly morphologic subtype are risk factors for potential complications and treatment. 13, 14 However, racial differences have been observed in the demographic and clinical features of infantile hemangioma. 15, 16 For example, Hispanics have a more common segmental subtype, more complex hemangiomas, and greater morbidity than all other racial and ethnic groups. 16 Scanty information exists on the clinical characteristics predict-ing complications and treatment of hemangiomas in Asian populations.
Epidemiologic studies have suggested that female sex, white non-Hispanic ethnicity, premature birth, and history of chorionic villus sampling are risk factors for developing infantile hemangioma. 15, [17] [18] [19] [20] [21] Other independent or related factors include placenta previa, increased maternal age, pre-eclampsia, multiple gestation, and low birth weight. 15, 21, 22 Yet evidence for these associations comes entirely from Western populations. To our knowledge, no study has investigated the risk factors for infantile hemangioma in Asian countries, where environmental and genetic backgrounds differ considerably from those in the West. Many prenatal and perinatal factors, such as environmental factors, have not been examined previously, in part because hemangiomas are usually not apparent at birth and thus cannot be documented by conventional birth defect registries. 21 As an important epidemiologic indicator, the socioeconomic status (SES) effects on pregnancy outcomes and other diseases have been widely studied, [23] [24] [25] but to our knowledge, SES effects on infantile hemangioma have not previously been reported.
We conducted this study of a relatively large sample of Chinese patients with infantile hemangiomas to understand their demographic and clinical features, to better characterize risk factors for developing the disease, and to identify clinical characteristics associated with complications, associated conditions (including visceral hemangiomas and other anomalies), and the need for therapeutic intervention.
METHODS

STUDY POPULATION
Children with a diagnosis of infantile hemangioma were prospectively enrolled from Xiangya Hospital, Central South University, and a maternal and child health hospital in Hunan province during January 1, 2005, through December 31, 2008. These 2 large hospitals provide care for a population of approximately 60 million people per year who live in the central south region of China.
CASES
The diagnosis of infantile hemangioma was confirmed by physical examination, clinical behavior of the lesions, and (when necessary) ancillary studies. Clinical follow-up continued until October 31, 2009 . Inclusion criteria were (1) age 12 years or younger at the time of enrollment and (2) the presence of 1 or more infantile hemangiomas. Exclusion criteria were (1) presence of other vascular malformations in the absence of infantile hemangiomas; (2) unwillingness of parents to be interviewed; (3) inability to contact birth mother for interview; and (4) patients whose matched controls developed hemangiomas after enrollment.
CONTROLS
The inclusion criteria for controls were (1) outpatient status at the same department as case patients; (2) presence of recentonset minor dermatologic conditions or purpose of visit for health checkup only; (3) absence of hemangioma lesions and other angiomatous lesions confirmed by trained dermatologists; and (4) history of attending the department closest in duration to that of the newly enrolled case. The controls were randomly selected and individually matched to the case patients for sex, date of birth (Ͻ2 weeks' difference), region (urban vs nonurban), and hospital. Control infants younger than 1 month were reexamined when they reached age 3 months to rule out the later development of hemangiomas. The proportions of urban and nonurban cases and controls were not significantly different among hospitals.
There were 4 case patients whose birth mothers were unable to be contacted for an interview. No parents of the remaining case patients refused participation. Another case patient was excluded because her matched control developed a hemangioma found on reexamination. The parents of 22 controls were unwilling to participate, and those controls were replaced. Finally, a total of 1832 patients and 1832 controls were enrolled.
The training sessions and questionnaire were standardized before interviewing. The standardized questionnaire with information on clinical presentation, SES, and prenatal and perinatal variables was administered to both case patients and controls by the investigator who was a trained physician and masked to the interviewee's group assignment. All birth parents were interviewed face to face in a similar manner.
Questionnaire information was categorized as clinical presentation, SES, and prenatal and perinatal characteristics. Clinical presentations included lesion size, number, location, morphologic subtype, treatment (eg, oral corticosteroid therapy, pulsed-dye laser), complications, associated anomalies, visceral involvement, and infantile hemangioma-related medical records. Characteristics of SES included the mother's and father's education level, annual household income, and occupations. Annual household income was measured in Chinese Yuan (¥) from the year before the mother became pregnant, and it was categorized as less than ¥2000, ¥2000 to ¥5000, ¥5000-¥10 000, and more than ¥10 000. Others SES characteristics included maternal and paternal ages and birth order.
Prenatal and perinatal characteristics were categorized as lifestyle, environmental, and biomedical variables. Lifestyle variables included maternal passive smoking, alcohol drinking, and tea drinking behavior; paternal smoking and alcohol drinking behavior; and presence of animals in the house. Environmental variables included diagnostic irradiation and/or ultrasonographic exposure; new house repair or relocation; frequent maternal use of microwave ovens and/or mobile telephones during pregnancy; and periconceptional noise exposure. Biomedical variables included low birth weight (Ͻ2500 g), prematurity (Ͻ37 weeks' gestational age), multiple gestation (twins or triplets), mode of delivery (vaginal, cesarean delivery), maternal anemia during pregnancy, previous miscarriage, prepartum complications (pre-eclampsia, threatened abortion, pregnancyinduced hypertension), placental abnormalities, infection (any type, respiratory tract, viral, fungal, genitourinary), stressful life events during pregnancy, conception via in vitro fertilization, history of infertility, chorionic villus sampling, use of folic acid-containing multivitamin supplements, periconceptional use of drugs, fever during pregnancy, excessive vomiting, maternal chronic illness, a history of hemangiomas in firstdegree relatives, and a family history of inherited disease.
Oral informed consent was obtained from parents of each participant. This study was approved by the ethics committee at each participating institution and conducted in accordance to the Declaration of Helsinki principles.
STATISTICAL ANALYSIS
A database was constructed with SES, prenatal, and perinatal variables for case patients and controls, and SPSS for Windows, ver-sion 13.0, was used for all analyses (IBM SPSS, Chicago, Illinois). All odds ratios (ORs) were calculated using Cox regression by a method equivalent to conditional logistic regression, and presented are those that were statistically significant (95% confidence interval [CI] excluding 1.0). All variables presenting an association with infantile hemangioma with PՅ.15 were retained for subsequent multivariate analysis that also used conditional logistic regression to assess independent associations with infantile hemangioma. We used χ 2 tests and t tests to compare categorical variables and continuous variables, respectively. The data in which variables demonstrated nonparametric distributions were analyzed using the Mann-Whitney U test for unpaired samples and the Kruskal-Wallis test for more than 2 groups. Logistic regression models were used to address factors predicting complications and/or treatment together with adjustment of potential confounders. Using a 2-sample Z test of percentages, we compared the percentage values of the Chinese group with those of the historical controls.
13,16
RESULTS
CLINICAL FEATURES
Demographic and clinical characteristics by race and ethnic group have been described in previous studies of infantile hemangioma. 13, 16 The characteristics of the patients in the present study are summarized in Table 1 . A total of 40.1% of our patients had lesions at birth, while 59.0% developed lesions within the first month of life. The vast majority of our patients were younger than 1 year (97.8%).
A total of 3012 hemangiomas were observed in 1832 case patients, and the clinical presentations of the 2125 most clinically significant hemangiomas (Յ3 hemangiomas per patient) were analyzed. Similar to previous reports, 13, 16 lesions were classified into 4 groups: localized, segmental, indeterminate, and multifocal (Table 1) . There was a striking prevalence of localized lesions in the study patients, and the most commonly involved site was the face, among which 759 were located periorificially (around the eyelids, nasal ala, tip of the nose, earlobes, and lips) (82.0%), followed by 90 on the anterior cheek (9.7%). Mucous membranes were involved in 402 lesions (18.9%). Some hemangiomas occasionally extended into more than 1 site. The proportion of involvement of other sites, number of lesions with complications, and number treated with oral corticosteroids are also listed in Table 1 . Using the Z test, we found that the Chinese group was significantly different from historical controls 13, 16 with regard to morphologic subtypes and complications (P = .001) ( Table 1) .
Fifty hemangiomas with associated anomalies (including PHACE syndrome, 10 cardiac anomalies without other evidence of PHACE syndrome, urogenital abnormalities, or spinal involvement 16, 26 ) and/or hepatic hemangiomas (by abdominal imaging) were reported before enrollment (based on medical records) and during the study period (2.4%). No visceral involvements were detected in patients with multifocal hemangiomas.
There were no differences in the incidence of complications (P = .18) and increased number of lesions (P=.08) between preterm infants and term infants, but the incidence of associated anomalies (including PHACE syndrome, cardiac anomalies without other evidence of PHACE syndrome, or urogenital abnormalities) was increased in preterm infants compared with that in term infants (PϽ .001).
PREDICTIVE FACTORS FOR COMPLICATIONS AND/OR TREATMENT
In analyzing the predictive role of lesion size, we found that hemangiomas with complications were larger than those without complications (Mann-Whitney U test, P Ͻ .001), and hemangiomas requiring oral corticosteroid treatment were also larger than those did not require oral corticosteroid treatment (Mann-Whitney U test, PϽ.001). For each 10-cm 2 increase in hemangioma size, there were 9% (OR, 1.096) and 28% (OR, 1.315) increases in the likelihood of having complications and oral corticosteroid treatment, respectively (PϽ .001 for all).
After controlling for hemangioma size, we found that facial hemangiomas were 2.66 times more likely to have complications (OR, 2.66; 95% CI, 2.12-3.33 (PϽ.001) and 3.42 times more likely to receive oral corticosteroid treatment (OR, 3.42; 95% CI, 1.43-8.15) (PϽ.001) than nonfacial hemangiomas. However, hemangioma subtype was not a predictor for oral corticosteroid treatment or for the development of complications after size and location were controlled for.
Large, deep, and tumorlike hemangiomas located on the anterior cheek (Figure) , which were categorized as indeterminate lesions according to previous literature, 13, 16 were 7.28 and 9.27 times more likely to receive 
RISK FACTORS FOR INFANTILE HEMANGIOMA
Controls appeared well matched to case patients for age, sex, region (urban and nonurban), and hospital ( Table 2) . Socioeconomic, prenatal, and perinatal characteristics of the 1832 patients and 1832 control subjects are listed in Table 3 . Crude and adjusted ORs of the socioeconomic, prenatal, and perinatal measures in relation to infantile hemangioma are listed in Table 4 and Table 5 , respectively.
SOCIOECONOMIC CHARACTERISTICS
In univariate analysis (Table 4) , less maternal education, less paternal education, mother engaged in manual labor, household income, and birth order were statistically associated with infantile hemangioma (PϽ.001 for all). Adjusted results of this study (Table 5) show a decreased infantile hemangioma association with higher maternal education (adjusted OR, 0.61; 95% CI, 0.57-0.66). In addition, mother engaged in manual labor posed a 1.29 greater risk of infantile hemangioma (adjusted OR, 1.29; 95% CI, 1.12-1.48), but the associations of paternal education, household income, and birth order with infantile hemangioma risk were statistically nonsignificant after adjustment.
PRENATAL AND PERINATAL CHARACTRISTICS
Among the environmental and lifestyle variables investigated, none emerged as a statistically significant risk predictor in univariate and multivariate analyses. However, univariate analysis revealed several biomedical variables that were positively associated with infantile hemangioma, including low birth weight, prematurity, multiple gestation, previous miscarriage, maternal respiratory tract infection, periconceptional use of drugs, and a positive family history in first-degree relatives (Table 4) . In multivariate analysis ( ily history of hemangiomas, low incidence of associated anomalies, and good overall prognosis in patients with infantile hemangioma. 4, 13, 16, [27] [28] [29] Our data also demonstrate that lesion size and location, but not morphologic subtype, were major predictors of complication and/or systemic treatment in our Chinese patient population. Specifically, we observed that large and deep hemangiomas with tumorlike appearances located on the anterior cheek were predictors of steroid therapy and associated anomalies. It is well recognized that facial hemangiomas occur in 2 distinct patterns of tissue involvement:
(1) a focal, tumorlike lesion; and (2) a diffuse, plaquelike lesion with a segmental pattern, which is considered to be associated with visceral hemangiomas. 1, 11, 30 However, in the present study, magnetic resonance imaging angiography and abdominal imaging were not routinely performed, so it is highly likely that cases with structural anomalies were missed, especially those with segmental hemangiomas. Moreover, these results should be interpreted cautiously. The confidence intervals were wide because the sample size of this morphologic subtype was small, and further research is warranted to identify this association. Although a high percentage of facial hemangiomas probably represents an ascertainment bias, it is interesting that facial hemangiomas in our patients were more likely to be located periorificially, which may predispose to cosmetic problems. It was not the increased number of hemangiomas but the incidence of associated anomalies that was increased among preterm infants in our study patients, and this is in disagreement with a previous study. 31 Compared with historical controls, localized lesions were more common and complications were relatively low in our patients. Despite the potential referral bias in our department, no symptomatic visceral involvements in our study patients were documented, and severe life-threatening complications were very rare.
With respect to risk factors, to our knowledge, our data are the first to demonstrate that SES variables including lower level of maternal education and mother engaged in manual labor are independent risk factors for infantile hemangioma. Mothers with a high level of education may be more likely to gain ability to access and interpret information on reproduction and pregnancy. Occupation may influence pregnancy outcomes via workplace hazards exposure and psychosocial factors, thereby indirectly affecting the risk of infantile hemangioma or other diseases. 24, 25, 32, 33 Low birth weight and prematurity have been considered potential risk factors for developing hemangiomas, but our findings show that multiple gestation rather than prematurity or low birth weight is an independent risk factor for developing hemangiomas, owing at least in part b The periconceptional period refers to the month before conception and the first 3 months after conception.
ARCH DERMATOL/ VOL 147 (NO. 9), SEP 2011to ethnic and/or racial differences. Interestingly, it has been reported that Chinese women are less likely to have low-birth-weight infants than are white women. 34 Although use of drugs was not increased in the hemangioma group in 1 previous report, 21 maternal medicine use during the periconceptional period was positively associated with hemangiomas in our study. These drugs, including prescription drugs and nonprescription drugs, were categorized as follows: antibiotics, Chinese herbal medicines, antifungal drugs, progesterone, others (including oral contraceptive medications, nonsteroidal anti-inflammatory-containing multiple medications, clomiphene, and ethamsylate), and unknown. There were 846 mothers who took medicines in combination (46.2%). We did not find an association between risk of infantile hemangioma and each type of medication when they were used alone (data not shown). There remains a need to further study the possible role of maternal use of drugs in infantile hemangioma.
One major limitation of the current study is the potential for recall bias, and so we took a number of steps to minimize the potential sources of error. First, the matching design, to some degree, offsets exposure misclassification. Second, the questionnaire was standardized both for case patients and controls by uniformly trained interviewers. Third, the use of hospital controls assured a high level of cooperation from the parents of case patients. 23, 35 In addition, we conducted the interview when the participants first presented to the clinics, and the recall periods in both cases and controls were shorter than those reported in a previous study. 22 Another limitation is that hospital-based cases do not represent the total distribution of infantile hemangioma occurring in the general population. However, most of the lesions in this study were localized hemangiomas (86.2%), which are the most common and the most likely subtype to be encountered in a primary care setting. 21 Furthermore, these data were collected consecutively from general dermatology practices, which should be more generalizable than those from pediatric dermatology practices. In addition, each control was chosen based on a history of attending the department closest in duration to that of the newly enrolled case.
In conclusion, this study shows that in Chinese patients with infantile hemangioma, lesion size and location are significant prognostic factors for complications and steroid therapy. Moreover, in the population studied, patients with large facial hemangiomas needed more careful monitoring and systemic therapy. Furthermore, our study suggests that social inequalities and several new biomedical risk factors have a role in the development of infantile hemangiomas in a Chinese population. These results may help provide clues to prevention actions and further study on the origins of this vascular tumor.
